A new member of the Kurosegawa tectonic zone was found in the serpentinite near Kochi city. They are high P and low T schists derived from basalt and chert.
INTRODUCTION
The Kurosegawa tectonic zone is a fault zone in the Chichibu terrain in south west Japan. It runs in EW direction in the middle subbelt of the Chichibu terrain (Yamashita, 1957) and accompanied by a large amount of serpentinite and blocks exotic to the neighbouring Chichibu forma tion, measuring from a few meters to several kilometers. Large blocks are lense shaped and surrounded by serpentinite, but small blocks are xenoliths in serpentinite. A variety of rock-types have been recognized among exotic blocks: unmetamorphosed Silurian and Devonian, granite and gneiss (426 m.y., Rb-Sr, Nohda, 1973) , amphi bolite, garnet amphibolite and basic granulite. Basic and pelitic schists of albite epidote amphibolite facies (429 m.y., K-Ar, Maruyama and Ueda, 1975) westwards for more than 18 kilometers is in contact with mudstone, accompanied by a small amount of chert, sandstone and green stone, which is probably a part of the Ino formation (Katto and Kawasawa, 1958) . The contact between the serpentinite and the sedimentary sequence is concordant at some places, but discordant at others. Several roof pendants of the Ino formation, one of them measuring about 0.04km2, were mapped in the serpentinite. The xenoliths of the high P and low T schists occur in the northern part of the large serpentinite mass referred above. The largest of the blocks measures 100m3, but they are usually about 0.5m3 (Fig. 6 ).
PETROGRAPHY
The high P and low T schists so far collected are metabasites and metachert. Although all the schists examined contain high-pressure minerals, such as jadeite, glaucophane, chloromelanite and lawsonite, a few types of original rocks could be deciphered. They are pillow lava, hyalo clastite and massive lava on the one hand, and greenschist and amphibolite on the other.
The schists derived from volcanics pre serve augite and biotite as relic minerals, and hyaloclastitic texture can be seen under the microscope. These metavolcanics suffered high P and low T metamorphism without having intermediate stages of low pressure metamorphism to be mentioned later.
High P and low T metamorphics derived from amphibolite is medium-to coarse grained and melanocratic with amphibole as dominant mafic phase. Fresh rock is commonly bluish or greenish black. A continuous series of texture is observed between the two extreme cases: one being poor in high-pressure minerals and the other mostly consisting of them.
Pale-green actinolite coexisting with hornblende, green and brown, and Ca-rich clinopyroxene are on the way being replaced by alkali amphibole (Fig. 2) Thus, at least two stages of metamor phic recrystallization are recognized in some of the high P and low T schists. The mineral assemblages formed by high P and low T metamorphism will be described first, and the relationships between these two stages of metamorphism will be discussed later.
Mineral assemblages of metabasites formed by high P and low T metamorphism are as follows: (1) (14) pumpellyite+chlorite+albite Partial assemblages of (7) are common. Assemblages (10)-(14) are free of quartz. Sphene, apatite, white mica (phengite so far identified), calcite and opaque minerals may be added to the above assemblages. Opaque minerals were identified for as semblages (4), (5), (6) and (9). Pyrite, chalcopyrite and sphalerite are present, but hematite and rutile have not been observed. Analcime is sometimes observed around jadeitic pyroxene.
In the metamorphosed chert, following assemblages were observed: (1), (2) and (4), and it is apparent that not all of them are isofacial. These problems will be dis cussed below from the viewpoint of pyro xene mineralogy.
There are five types of metamorphic pyroxenes in the xenoliths. The first group is augite relics derived from higher temperature metamorphism preceded the high P and low T one and it is partly replaced by alkali amphibole. Metabasites containing the metamorphic augite relics always contain brown hornblende which is also replaced by alkali amphibole at its periphery. Therefore, such augite may be neither of igneous nor high P and low T metamorphism, but of the preceding low pressure one in origin. The pyroxenes formed by high P and low T metamorphism are salite, jadeite and impure jadeite, chloromelanite, and aegirinejadeite. Fig. 3 shows their compositions. Jadeite and impure jadeite are jointly called jadeite in the list of mineral assemblages. A group of pyroxenes has compositions covering both the impure jadeite and aegirinejadeite fields as defined by Essene and Fyfe (1967) , but they are jointly called aegirinejadeite, be cause they were formed by the same process, and their majority belong to aegirinejadeite, as well as it is too artifiical to separate them into two groups. Chloromelanite and salite form distinct groups, both chemically and genetically.
Jadeite appears in the matrix or vein. It is in direct contact with quartz in some cases, but they usually reacted with quartz resulting in the formation of albite or aegirinejadeite. Two types of reaction texture can be distinguished. First type is shown in Fig. 4 , in which we see that quartz and jadeite occur 0.5 mm apart, but not in direct contact. Between them are the pseudomorph after pyroxene consisting of aggregates of albite and less jadeitic pyroxene, which are again armoured by fresh albite without inclusions. The less jadeitic pyroxene is too fine-grained to determine the exact composition. How ever, it was confirmed that it has some amounts of Ca and Fe by an electron-probe microanalyzer. Jadeite sometimes occurs in the aggregates of pyroxene pseudomorph as irregular crystals being replaced partly by mesh-like veinlets of albite, and partly by high-refracting mineral, probably less jadeitic pyroxene. This texture can be explained by the reaction between jadeite and quartz outside their stability field. Another example of reaction is illustarted in Fig. 5 , where jadeite is mantled by aegirine jadeite. The boundary between them is chemically sharp. This texture can also be explained by the reaction mentioned above.
In some places, however, jadeite is in contact with quartz. Lawsonite, pum pellyite and glaucophane never show retro graded textures. Therefore, we think that the breakdown of jadeitic pyroxene took place within the stability field of the assemblage lawsonite+pumpellyite+ glaucophane, in other words, probably in the aragonite field (Brown, 1977) . Chloromelanite occurs in the matrix or in the vein, the latter composed mainly of albite and quartz with lesser amount of glaucophane, pumpellyite and lawsonite. Chloromelanite is strongly zoned with the core richer in augite and poorer in acmite, and the rim with low augite and high acmite contents, i.e., jadeite content does not vary in the zoned chloromelanite.
Salite coexists with lawsonite, pum pellyite and glaucophane. It has low Al2O 3 Fig. 5 . Reaction texture between jadeite and quartz. Jadeite is generally mantled by aegirinejadeite, but it is in direct contact with quartz at some places.
and TiO2, and high CaO contents (Table 1) . It occurs in the thin section containing jadeite-aegirinejadeite overgrowth, but salite occur only in the isolated pool which consists of salite, lawsonite, pumpellyite and glaucophane, and probably not equilibrated with jadeite and glaucophane in the matrix, although it is a metamorphic pyroxene.
As discussed above, jadeitic pyroxene shows texture of reaction with quartz. Then, by eliminating the assemblage of later reaction, following three groups of mineral assemblages are distinguished. Lawsonite, pumpellyite and glaucophane appears, from the texture, to coexist in all these groups of assemblage.
(1) jadeitic pyroxene (jadeite mol. more than 70%)+quartz (2) albite+quartz without Napyro xene (3) albite+quartz+Na-pyroxene (jadeite mol. less than 30%) It is, therefore, concluded that high P and low T schists formed at different P-T condi tions occur as xenoliths in serpentinite.
The mineral assemblages probably formed before high P and low T metamor phism are as follows; sample SM75011116 has relic minerals, its muscovite occur in the domains accompany ing high-pressure minerals, lawsonite, pum pellyite, glaucophane and jadeite as such. Any replacing texture of muscovite has not been observed. Consequently, radiometric ages of musco vite from them are the possible minimum ages of the high-pressure metamorphism.
Biotite in SM74103119 gave 225 m.y. It is presumably a relic igneous mineral, as discussed above, and gives the lowest estimate of the igneous crystallization age. However, the biotite is sometimes chloritiz ed along the cleavage and crack (Fig. 6) , so that the age could give the time of chlori tization, that could have enhanced material migration within biotite.
DISCUSSION
The presence of jadeite+quartz as semblage in some of the schists xenoliths described here undoubtedly show that they belong to the typical jadeite-glauco phane facies. Some xenoliths contain albite+ quartz+ chloromelanite assemblage, but they also accompany lawsonite+pum pellyite+glaucophane. Brown (1977) , in his review of the paragenetic relations of calc-alumino silicates of low-temperature and medium-to high-pressure metamor phism, has demonstrated that lawsonite+ pumpellyite+glaucophane assemblage is characteristic in low temperature facies of the jadeite-glaucophane type facies series, such as Franciscan and New Caledonia. We may add the Kamuikotan belt in Hokkaido (Gouchi, in preparation) as another example of the typical high-pressure schists.
In the Sanbagawa belt, although alkali amphibole including glaucophane, pum pellyite and lawsonite occur, the assemblage lawsonite+pumpellyite+glaucophane has not been observed by Miyashiro and Seki (1958) and even pumpellyite+glaucophane is rare and occurs only in some unusual rock types (Nakajima personal communication.) Thus, even though some ambiguties remains to be solved as to the paragenetic relations in the Kanto Mountains, where the presence of jadeite+quartz (Seki, 1960 ) and absence of lawsonite+pumpellyite+ glaucophane (Seki, 1958) are reported, the Sanbagawa metamorphic belt is generally avoid of jadeite+quartz and lawsonite+ pumpellyite+glaucophane. It follows that the schists xenoliths described here belong to a different meta morphic facies from those of the Sanbagawa metamorphics so far exposed on the surface of the earth.
Radiometric ages of the Sanbagawa schists are less than 138 m.y. (Miller et al., 1961 , Banno and Miller, 1965 , Yamaguchi and Yanagi, 1970 , Ueda et al., 1977 , while those of the schists xenoliths reported here are 208-240 m.y. Some geologists con The Kurosegawa tectonic zone is a fault zone accompanying high-grade meta morphic rocks such as gneiss and amphi bolite, acidic plutonic rocks, the supracrustal rocks of Silurian to Devonian, all of which are exotic to the surrounding Chichibu System (Ichikawa et al., 1956 ), but the abundance of serpentinite is another im portant feature of this zone. We may add the high-pressure schists xenoliths described here as an additional member of the Kuro segawa zone.
As a member of the Kurosegawa tec tonic zone, the schists xenoliths have signi ficantly younger radiometric ages than the other constitutents, which are, so far as radiometric dates are measured, always about 400 m.y. old. Chronological rela tions of the schists xenoliths to the other constitutent members are not understood.
